The in vitro effect of endotoxin (LPS) 
The in vitro effect of endotoxin (LPS) on unfractionated mouse peritoneal cells and cells fractionated into glass adherent and nonadherent populations was studied. LPS caused blast transformation and deoxyribonucleic acid synthesis in the nonadherent, nonphagocytic cells. There was no evidence of a mitogenic effect on macrophages. Instead, a cytotoxic effect was noted. When incubated with unfractionated peritoneal cells, LPS was still cytotoxic for macrophages, but the mitogenic effect for nonadherent cells was decreased or ablated. The intraperitoneal administration of LPS to mice resulted in an acute inflammatory response with a transient depletion of mononuclear cells. There was no stimulation of division of macrophages. Data were obtained which indicated that local cell division is an important factor in the normal turnover of peritoneal macrophages.
The lipopolysaccharides or endotoxins (LPS) of gram-negative bacteria induce blastogenesis, mitosis, and immunoglobulin production in cultured mouse spleen cells (2, 3, 14 Dis., in press ). However, data from in vivo experiments suggest that the proliferation of cell types other than lymphocytes may be caused by endotoxin. Smith et al. showed that endotoxin enhanced the recovery of hematopoietic function in irradiated mice (16) and increased the number of spleen colonies in irradiated recipients of bone marrow cells (17) . In addition, Forbes reported that endotoxin caused mitosis of mouse peritoneal macrophages (5) . Paradoxically, reports have also appeared which show that endotoxin has cytotoxic effects on macrophages (9) (10) (11) 18) . This paper is concerned with the possibility of a mitogenic effect of LPS on macrophages in addition to its known mitogenic effect on lymphoid cells. We examined the in vitro effect of endotoxin on normal mouse peritoneal cells and on peritoneal cells separated into glass adherent and nonadherent populations. In addition, we examined the effect of the in- Cell cultures. Normal peritoneal cells were harvested by i.p. injection of 4 ml of tissue culture medium (TCM) consisting of RPMI 1640 (Gibco, Grand Island, N.Y.) containing 100 U of penicillin, 100 Ag of streptomycin, and 0.5 U of heparin per ml.
Within minutes the solution containing the cells was aspirated with a syringe, and the cells were counted in a hemocytometer.
Adherent cells were separated from nonadherent cells by incubation at 37 C in an atmosphere of 5% CO2 and air for 2 h in flat-bottomed glass vials containing a cover slip. Nonadherent cells were then removed by gentle agitation and washing with TCM.
Cells were cultured in RPMI-1640 containing 100 U of penicillin and 100 ug of streptomycin per ml, and 5% heat-inactivated human serum. Adherent and nonadherent cells were cultured at a density of 106 to 2 ENDOTOXIN AND MOUSE PERITONEAL CELLS x 106/ml in a 5% CO2 and air atmosphere. Autoradiography. The procedure used for autoradiography was described previously (15) .
Phagocytosis. India ink was used as a marker for phagocytosis. One milliliter of India ink (Pelikan) was diluted 10-fold in isotonic saline and centrifuged at 3,000 rpm for 15 min. All but the bottom 2 ml was removed with a pipette and filtered first through a 1.2-Am membrane filter (Millipore Corp.) and then through a 0.45-Am filter. One drop of this material was added to cell cultures in 3 ml of TCM and incubated at 37 C for 30 min.
In vivo studies. To study the in vivo effects of endotoxin on peritoneal cells, mice were injected i.p.
at zero time with 10 gg of endotoxin in RPMI.
Endotoxin-treated mice and control mice were also given [3H]thymidine, 5 IACi i.p. or 10 uCi intravenously (i.v.), at zero time and at subsequent 24-h intervals. At 24-h intervals, three mice from each group were killed and the peritoneal cells were harvested as described. After incubation with colloidal carbon to mark phagocytic cells, the cells were deposited by cytocentrifugation on slides for differential counts and autoradiography. Values are expressed as the mean counts of three mice. Samples of cells were also prepared for scintillation counting as described. Table 2 shows that nonadherent cell preparations contained 10 to 12% phagocytic cells. In control cultures the percent of phagocytic cells increased with time, probably due to loss of nonphagocytic cells. In the endotoxin-stimulated cultures, the percentage of phagocytic cells decreased with time and was always less than that of the controls. Probably this was due, in part, to dilution by dividing lymphoid cells, but perhaps it was also due to a cytotoxic effect on LPS on macrophages.
RESULTS
The morphological aspects of these experiments are illustrated in Fig. 3 to 7. Figure 3 shows control nonadherent cells which illustrate the familiar macrophage-lymphocyte "island." One of the cells is heavily labeled with [3H]thymidine. Figure 4 shows nonadherent cells incubated with endotoxin for 48 h. Three of the cells are blast-like and heavily labeled. Figure 5 shows control, unfractionated cells consisting of lymphoid cells and four macrophages which have ingested colloidal carbon. Figure 6 shows unfractionated cells exposed to 1 ug of endotoxin for 24 h. The macrophages have become vacuolated, and no transformation of the lymphocytes has taken place. Figure 7 is an /~~ã utoradiogram of adherent cells incubated with 10 ,g of endotoxin for 48 h. The macrophages appear rounded up and vacuolated, and the cell which is labeled does not resemble a macrophage. duced. This was particularly true with the smallest dose of endotoxin given. Nevertheless, the extent of labeling of peritoneal cells was always greatest when the label was administered intraperitoneally. The uptake of i.p.
[3H]thymidine by peritoneal cells was generally decreased in those mice which received endotoxin, and the percentage of labeled peritoneal macrophages in these mice was lower than that of the controls. DISCUSSION The data in this paper lend no support to the possibility that endotoxin is a mitogen for mouse peritoneal macrophages. The in vitro studies showed clearly that the cells which responded to endotoxin by undergoing blastogenesis and DNA synthesis were among the nonadherent, nonphagocytic population of peritoneal cells. These cells resembled morphologically the transformed spleen cells previously described (15) . In addition, when adherent peritoneal cells were cultured in the presence of endotoxin there was no increment of DNA synthesis or of the number of labeled cells above controls. In fact, marked vacuolization of the cells occurred, suggesting the cytotoxicity reported by others (9) (10) (11) 18) : Also, when labeled cells were found in the adherent population, they did not appear to be macrophages.
The data suggest that endotoxin is stimulatory in vitro for a population of peritoneal lymphocytes. We presume that these are Blymphocytes, but we have no data on this point. On the other hand, endotoxin in the doses used appears to be cytotoxic for macrophages. When lymphocyte and macrophage populations were mixed, the stimulatory effect of endotoxin on the lymphoid cells was reduced or ablated, but the cytotoxicity for the macrophages remained. This suppressive effect of macrophages on lymphoid cells, which also interfered with stimulation by two other mitogens, PHA and PWM, has been described by Parkhouse and Dutton (13) and Folch et al. (4) . Its mechanism of action is unknown, but presumably contact of some sort between lymphocyte and macrophage is necessary for the effect (13) .
Endotoxin had a marked depleting effect in vivo on peritoneal macrophages and nonphagocytic mononuclear cells. Counts and differentials showed that there was an absolute depletion of these cells after endotoxin, and microscope examination showed extensive vacuolization of these macrophages which remained. These observations are similar to those reported by Forbes (5) . When the macrophages reappeared after the acute inflammatory reaction, few were labeled with [3H]thymidine. This argues strongly against a stimulation of local cell division after endotoxin.
Our failure to observe mitosis in macrophages after endotoxin contrasts with Forbes' observation that 12 gg of endotoxin induced DNA synthesis and mitosis in mouse peritoneal macrophages (5). The discrepancy cannot be explained at present. However, the experiments and procedures differed. Forbes injected endotoxin subcutaneously, labeled the exudate cells by brief in vitro incubation with [3H]thymidine, and scored round cells which became labeled. In the in vivo experiments reported in this paper, labeling occurred in vivo and phagocytic cells were scored separately from nonphagocytic cells.
The in vivo data show that after three i.p. doses of [3H]thymidine spaced by 24 h, there was a considerable amount of label incorporated by normal mouse peritoneal macrophages. These data are similar to that of van Furth and Cohn (7), who found labeling to a similar extent after four intramuscular injections of [3H]thymidine. How much of this DNA synthesis occurred in bone marrow with the subsequent transport of the daughter cells to the peritoneal cavity and how much was synthesized locally is unknown. However, data from others (6, 12) and data in this paper suggest that local cell division within the peritoneal cavity is important. First, a few mitotic figures were found in mature macrophages among normal peritoneal cells. Second, the i.p. administration of [3H]thymidine consistently produced more extensive labeling of normal peritoneal macrophages than i.v. administration of a double dose of label. In fact, the amount of label incorporated after intravenous [3H]thymidine was insufficient for short exposure autoradiography. This strongly suggests local proliferation of macrophages under normal conditions. If, as suggested by van 
